Analysis of 15 spotted fever group (SFG) (4, 5, 7, 9, 10, 15, 20, 21, 22, 26) , serological properties (8, 15, 17, 23, 24, 25, 27) , ability to produce plaques in tissue culture monolayers (13, 16, 18) , and ability to cross protect guinea pigs against challenge with rickettsiae (17) or to cross-protect mice against challenge with large doses of rickettsiae (8, 17) . Presently, the evolutionary and taxonomic relationships of these strains are unclear. We have assessed monoclonal antibodies derived from mice inoculated with various strains of R. rickettsii for their reactivities in the enzyme-linked immunosorbent assay (ELISA) with representative strains of the SFG and typhus group (TG) rickettsiae. Our results indicated that certain epitopes found on R. rickettsia are distributed widely among the rickettsiae and suggested that additional studies of this kind would improve our understanding of the antigenic variation and virulence of these organisms.
Spotted fever group (SFG) rickettsiae isolated from several species of ticks in a number of geographical areas or from patients may differ in a number of ways. Although each member shares an antigen which reacts in the complement fixation test with guinea pig antibodies to Rickettsia rickettsii (17) , there is considerable variation among strains in virulence for experimental animals (4, 5, 7, 9, 10, 15, 20, 21, 22, 26) , serological properties (8, 15, 17, 23, 24, 25, 27) , ability to produce plaques in tissue culture monolayers (13, 16, 18) , and ability to cross protect guinea pigs against challenge with rickettsiae (17) or to cross-protect mice against challenge with large doses of rickettsiae (8, 17) . Presently, the evolutionary and taxonomic relationships of these strains are unclear. We have assessed monoclonal antibodies derived from mice inoculated with various strains of R. rickettsii for their reactivities in the enzyme-linked immunosorbent assay (ELISA) with representative strains of the SFG and typhus group (TG) rickettsiae. Our results indicated that certain epitopes found on R. rickettsia are distributed widely among the rickettsiae and suggested that additional studies of this kind would improve our understanding of the antigenic variation and virulence of these organisms.
All of the rickettsiae used in this study were from the Rocky Mountain Laboratories culture collection and have been described previously ( Table 1 ). All of the cultures were cultivated in embryonated eggs (28) , except for R. rhipicephali, which was grown in L cells (1) . Rickettsiae were purified by centrifugation in Renografin density gradients (29) . Monoclonal antibodies to strains of R. rickettsii were derived from mice inoculated with either viable rickettsiae (2) Sodium dodecyl sulfate-polyacrylamide gel electrophoresis analysis demonstrated that there were multiple similarities in the protein patterns of these strains (Fig. 1 ). All the rickettsiae had prominent proteins of similar mobilities in the approximate molecular size range of 120 to 160 kilodaltons (kDa) as well as several other similar major proteins in the smaller-molecular-size range. Therefore, it was not surprising that there was extensive cross-reactivity of these strains with monoclonal antibodies to R. rickettsii.
Several monoclonal antibodies were arbitrarily selected on the basis of ELISA results for immunoblotting tests with various isolates. Antibody 13-6 to a heat-resistant epitope reacted well with multiple polypeptides from the homologous strain, R. rickettsii Morgan, and just as strongly with multiple polypeptides from the TG agent R. canada ( Fig.  2A) . Antibody 8-13A4A10 did not react with the eastern strains of R. rickettsia in the ELISA, and no reaction was seen in the immunoblot test of 8-13A4A10 with the eastern strain (Morgan) when the X-ray film was exposed for only 8 h. However, when the exposure time was increased to 44 h, a faint band was observed in the lane containing the eastern strain (Fig. 2B ). The band observed in the lane containing Morgan strain rickettsiae was not the result of a "spillover" of R-strain antigen, because this band was still present when the two rickettsial preparations were separated by a distance (two lanes) which would preclude such an artifact (data not shown). Two other monoclonal antibodies to heat-resistant epitopes were also tested against selected strains by immunoblotting. Antibody 13-3 reacted principally with 155-kDa polypeptides from these strains, but it also reacted in a unique way with numerous polypeptides of small molecular sizes from all of these strains except R. conorii (Fig. 3A) . When the second antibody in this series, 14-14, was tested against several rickettsiae, only two bands were seen in most cases: the principal 155-kDa band and a much fainter band at about 50 kDa (Fig. 3B) . One notable difference among these strains was the smaller molecular size of the major band of R. sibirica.
Our ELISA results indicated that certain epitopes found on R. rickettsii strains are distributed widely among members of the SFG. The most prevalent epitope(s) is the one present on the LPS-like antigen, since monoclonal antibodies to the LPS-like antigen (and only antibodies to this antigen) reacted with every member of the SFG tested. It seems probable that the LPS-like antigen is the group antigen which is shared by all members of the group (17). As one might expect from the fact that our monoclonal antibodies were derived from mice inoculated with strains of R.
rickettsii, the various isolates of R. rickettsia reacted with a greater percentage of the antibodies than did isolates of any of the other species. Most of these other species reacted with several of the different monoclonal antibodies, but R. australis and R. akari reacted with antibodies to the LPSlike antigen only. Our ELISA results with R. akari and R. australis are in agreement with animal protection data reported previously. Guinea pig antisera to R. akari and R. australis cross-protected mice only slightly or not at all to challenge with rickettsiae of other species in the mouse toxin neutralization test (8) , and vaccines of R. akari and R. australis did not protect guinea pigs against heterologous challenge (17) .
One instance of an antigenic determinant shared by different biotypes in the genus Rickettsia was observed. One monoclonal antibody to a heat-resistant determinant of the 155-kDa protein of the Morgan strain of R. rickettsia reacted strongly with a heat-resistant determinant of R. canada, a member of the TG rickettsiae. A cross-reaction between R. rickettsii and R. prowazekii was not seen, even though serological cross-reactions between these organisms have been reported (11, 19) .
Although only a limited number of SFG strains were tested, the results reported here suggested that a panel of monoclonal antibodies could be used to identify unknown SFG rickettsiae. With the relatively few monoclonal antibodies described here, all of the recognized species of the SFG rickettsiae, except for R. australis and R. akari, could be differentiated from each other. It seems likely that one could obtain R. australis-and R. akari-specific antibodies as readily as R. rickettsii-specific antibodies and thus be able to identify all members of the SFG.
Immunoblotting of the different SFG agents with crossreacting monoclonal antibodies to heat-resistant epitopes indicated that the 155-kDa proteins of the various strains are significantly different in structure. For example, each of the patterns obtained with the six species shown in Fig. 3A was unique. Although we do not know the origin of these multiple bands containing one or more specific epitopes, it seems possible that the differences in banding patterns reflect differences in the arrangement of the epitopes along the polypeptide chains. If these rickettsiae share a conserved epitope, it would suggest that the species shown in Fig. 3A evolved from a common progenitor through a series of mutational events. Eventually, amino acid analysis of the proteins or DNA sequencing of the genes encoding these proteins will allow us to make a better judgement about the origin of these antigenically related surface proteins.
Our current data support our earlier speculation that differences in the structures of the major rickettsial surface proteins might account for the differences in the virulence of R. rickettsii isolates for guinea pigs (3) . In that study we demonstrated with several monoclonal antibodies that there were differences in the 120-and 155-kDa proteins of the R and HLP strains of R. rickettsii, strains which differed greatly in virulence. In our present experiments, we showed by ELISA and immunoblotting with one of our monoclonal antibodies to a western strain that at least some western resolved at the position of the 120-kDa protein, there may be only a relatively minor difference in the structures of these determinants in the eastern and western strains. This possibility would be consistent with the slight but significant difference in the virulence of these strains (5) . Again, determination of the anhino acid sequences of the 120-kDa proteins from these strains would contribute to our understanding of the relationship between protein structure and virulence. 170 NOTES
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